Introduction: This serial cross-sectional survey study aimed to review the trend in various infection control practices in residential care homes for the elderly (RCHEs) 
Introduction

Residential care services for elderly people in Hong Kong
In 2016, 8 .1% of elderly population in Hong Kong resided in non-domestic households (ie, residential New knowledge added by this study • From 2005 to 2014, among residents of care homes for the elderly, the proportion of those aged ≥85 years increased significantly.
• If this trend continues, the prevalence of co-morbidities and functional impairment will also continue to increase, leading to further infection control challenges.
• There have been improvements in infection control practices among residential care homes for the elderly in terms of manpower, facilities, practices, knowledge, and skills.
• The most obvious improvements have been in terms of manpower and facilities; more nurses and health workers were recruited, and more residential care homes for the elderly had made alcohol hand rub available. Correct hand washing techniques among health or care workers, availability of alcohol hand rub, and knowledge on the correct method to prepare diluted bleach solution have also improved over the years.
Implications for clinical practice or policy
• Improvements in infection control knowledge and skills among staff of residential care homes for the elderly have seemingly reached a plateau.
• Future infection control training should aim to support sustained compliance with proper practices, through the introduction of elements such as self-audits.
health or care workers (who were not the designated infection control officers) passing skills tests on hand washing techniques increased from 79.2% in 2006 to 91.5% in 2014 (P=0.02). An increasing trend was also observed for the proportion of infection control officers who were able to prepare properly diluted bleach solution, from 71.5% in 2005 to 92.2% in 2014 (P=0.002).
Conclusions:
For infection control practice to continue improving, more effort should be made to enhance and maintain proper practice, and to mitigate the challenge posed by the high turnover rates of healthcare workers in RCHEs. Introduction of self-audits on infection control practices should be considered. There is a mix of government-subvented, selffinanced, and privately run RCHEs in Hong Kong. All RCHEs must be licensed under the Residential Care Homes (Elderly Persons) Ordinance. The RCHEs operate according to the code of practice (COP) 2 issued by the licensing authority. The COP sets out guidelines, principles, procedures, and standards for the operation and management of RCHEs. A chapter in the COP is devoted to infection control, requiring the RCHE's operator to designate an infection control officer (ICO). The ICO must coordinate and implement infection control measures within the home according to the infection control guideline issued by the Centre for Health Protection of the Department of Health. 3 Operators of RCHEs are required to report specific infectious disease cases and outbreaks to the authorities.
Visiting health teams
Eighteen visiting health teams (VHTs) are established under the Elderly Health Service of the Department of Health in Hong Kong. Comprising 47 nurses, the teams reach out into the community and residential care settings to conduct health promotion activities for the elderly people, and carers of elderly people, aiming to increase the health awareness and the selfcare ability of elderly people, and to enhance the quality of caregiving.
The first on-site assessment covering all RCHEs 
Methods
Assessment of all RCHE facilities, and the infection control knowledge and skills of staff are conducted annually via structured questionnaires and observational checklists.
Sample size and coverage rate
The annual surveys cover all RCHEs in Hong Kong from 2005 to 2014, based on the lists maintained by the licensing authority. 4 The coverage rate was 98.5% to 100% from 2005 to 2014. A few RCHEs were not covered because they were either non-operating (under renovation or recently closed) or refused the VHT service. These RCHEs were excluded from analysis.
Data collection
The surveys were conducted from August to October each year, based on an assessment protocol developed by doctors and nurses of the VHTs, and with reference to the COP, 2 the prevailing "Guidelines on Prevention of Communicable Diseases in Residential Care Home for the Elderly" 3 and overseas guidelines on infection control practice. [5] [6] [7] Resident demographics, staff profiles, information on environment and facilities related to infection control, and knowledge and skills of the ICO and other staff were collected in the surveys. The assessments were divided into four parts:
Part I: The characteristics and profiles of residents and staff of the RCHEs, including the subjective training needs of staff, were collected through a self-administered questionnaire (online supplementary Appendix) completed by the personin-charge of the RCHE, prior to the site visit by the VHT.
Part II: The environmental conditions and facilities related to infection control in RCHEs were assessed by a VHT nurse during the site visit.
Part III: The health monitoring and record keeping practices in RCHEs were assessed during the site visit.
Part IV: The knowledge and skills on infection control of staff in RCHEs were assessed in face-toface interviews during the site visit. The ICO (or other staff, depending on the topic being assessed) of each RCHE was assessed. An additional member of staff (either a health worker or care worker) was also selected at random for assessment on hand washing technique.
After the assessments, data were either double-entered or double-checked by two separate colleagues. In addition, 10% of the questionnaires were audited by an independent colleague, who rechecked all questionnaires if the error rate detected was greater than 0.5% of data fields. Descriptive statistics on the characteristics of the residents and the health/personal care staff were tabulated. Categorical data were analysed by either Chi squared test or Fisher's exact test while trend analysis was conducted by linear regression. A linear trend is reported as significant when the slope of the regression line is statistically different from zero. All analyses were conducted using SPSS (Windows version 24.0; IBM Corp, Armonk [NY], United States). This report was prepared following the STROBE (Strengthening the Reporting of Observational Studies in Epidemiology) statement.
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Results
The majority of RCHEs (ranging from 73.9% to 75.7%, between 2005 and 2014) were commercially operated RCHEs ("private RCHEs"). The remaining 24.3% to 26.1% were "non-private RCHEs", comprising those that received subsidies or subventions from the government and those that were non-profit making and self-financing in nature. 
Residents with special care needs
Manpower in residential care homes for the elderly
The resident-to-staff ratios in RCHEs from 2005 to 2014 are shown in Table 2 . The major types of staff in RCHEs in Hong Kong are professionally qualified nurses (including registered nurses and enrolled nurses registered under the Nursing Council of Hong Kong), health workers who have completed basic training recognised by the licensing authority, care workers who have not received any official training, and other staff including allied health and supporting staff. There were no significant changes in overall resident-to-staff ratio over the study period. For nurses and health workers, the overall manpower ratios improved from 30:1 and 27:1 in 2005 to 23:1 and 17:1 in 2014, respectively (both P<0.001). Increases in numbers of full-time and part-time nurses and health workers contributed to the improvements in these ratios.
There was an observable difference in terms of the number of nurses between private RCHEs and non-private RCHEs. In 2014, the resident-to-nurse ratio was 58:1 in private RCHEs compared with 11:1 in non-private RCHEs. In fact, the majority of private RCHEs (70.9%) did not employ any nursing staff. In contrast, only 3.8% of non-private RCHEs did not have any nursing staff. Only 18.5% of private RCHEs had assigned nurses as ICOs, whereas the percentage was 93.0% in non-private RCHEs. The rest of the RCHEs appointed health workers as ICOs. 
Part II: Infection control-environment and facilities
Common area
The RCHEs are collective living places where communicable diseases can easily spread through contact with the environment. Therefore, it is essential for RCHEs to be equipped with proper facilities to prevent outbreaks. 
Isolation area
According to the COP for RCHEs, 2 an isolation facility is a basic requirement for an RCHE and is defined as "a designated area or room with good ventilation, adequate space for equipment for proper disposal of personal and clinical wastes, and basic hand hygiene and hand-drying facilities as well as electric call bell. " The proportion of RCHEs equipped with a designated room as an isolation area for fever cases ranged from 73.6% to 80.0% between 2005 and 2014. No obvious trend was observed. In 2014, 19.9% and 0.8% of RCHEs were still only able to provide fixed boards of either three-quarters or half the height of the room, respectively, as partitions for the isolation area instead of providing separate rooms (Table 3 ). More non-private than private RCHEs were able to designate a separate room for isolation in 2014 (90.3% vs 73.3%, P<0.05). However, of the rooms designated as isolation areas, 1.5% in non-private RCHEs and 5.3% in private RCHEs were found to be occupied by residents without the need for isolation, or used for storage.
Part III: Health monitoring and record keeping in residential care homes for the elderly
For contact tracing and outbreak investigation, a proper record system is essential. Only 60.3% of all RCHEs kept proper visitors' record in 2005, increasing to 92.1% in 2014. There were also moderate improvements in the maintenance of sick leave records for staff, fever records for residents, and training records on infection control for staff, as shown in Table 3 . However, a statistically significant trend could not be identified.
Part IV: Infection control skills and practice
The ICO's skill at hand washing, wearing and removing of personal protective equipment, and preparing bleach solution for environmental disinfection were tested in each RCHE. In addition to assessing the ICO, a health worker or care worker was also selected at random for hand washing technique auditing. The proportion of ICOs with proper hand washing technique increased from 86.7% in 2005 
Discussion
Infectious disease outbreaks are major concerns for RCHEs as they often lead to significant morbidity and mortality. Local data on infection control practices among RCHEs are limited. The current study is the first institution-based serial survey on the trend of infection control practices among RCHEs.
Residents of RCHEs are often functionally impaired, putting them at higher risk of infection. 10 Our results show that the proportion of RCHE residents aged ≥85 years is increasing (Fig) . This is expected to result in increased prevalence of comorbidities and functional impairment, leading to further infection control challenges.
There have been improvements in infection control practices among RCHEs over the study period from 2005 to 2014, in terms of manpower, facilities, practices, knowledge, and skills. The improvement was most obvious in terms of manpower and facilities. More nurses and health Abbreviations: ICO = infection control officer; NA = not available; PPE = personal protective equipment workers were recruited into RCHEs, and common areas equipped with alcohol hand rub. There was also a 10.2% improvement in hand washing skills and a 5.9% improvement on skills of wearing and removing of personal protective equipment among ICOs during the study period (Table 3) . Possible contributory factors to such improvements may include the overall increased level of awareness on the importance of infection control, increased availability of manpower [11] [12] [13] and financial resources, and improved access to infection control training programmes.
Despite the improvements in infection control, there are some areas of concern that are worth noting.
First, there was a sharp initial increase in the number of RCHEs that had separate rooms as isolation areas in 2004. This was likely an enhancement measure in response to the SARS outbreak in 2003. However, the proportion of RCHEs with separate isolation rooms has remained stable at around 70% since then, despite ongoing training and education. Possible explanations for this plateau include lack of space, other competing demands, and other resourcing issues.
A similar plateau effect was also observed for knowledge and skills on infection control measures. The RCHE staff 's knowledge on the assessment items significantly improved (to near 90% for most topics), then showed little further improvement.
Non-private RCHEs consistently performed better than private RCHEs, especially in terms of nursing manpower, availability of proper isolation areas, and availability of effective alcohol hand rub. There is a fundamental funding difference between private and non-private RCHEs. In addition to complying with statutory requirements, government subvented RCHEs or those providing subsidised places (eg, RCHEs participating in bought place schemes) are also required to meet quality standards set out in the service contracts with the government. However, private RCHEs not participating in such schemes are only required to comply with the minimum statutory standards, such that service quality among private RCHEs remains variable. 14 Moreover, the high staff turnover rate in the private sector may also explain why the performance of infection control in private RCHEs still lags behind that of non-private RCHEs, because knowledge and skills are not retained when trained care workers leave. 15 There are several main limitations to our study. First, although RCHE staff have attained a generally adequate level of knowledge and skills on infection control, the implementation or the extent of adoption of these skills in daily practice could not be ascertained by our assessments which took the form of knowledge and skill tests rather than covert observation of real practice. In addition, the achieved results might not be representative, because the pre-scheduling allowed ample lead time for the staff of the RCHEs to prepare for the assessment. Unannounced visits and covert observation might provide a more accurate assessment of staff skill levels and the extent of application of such skills in daily practice, although covert observation itself may pose other practical challenges. 16 Second, it was not feasible for us to interview all staff during our site visits, because the RCHEs must maintain routine service for residents. During site visits, we assessed the knowledge and practice of only the ICO and one additional health or care worker. The performance of these two selected workers might not be representative of all staff of the RCHE.
Third, to enhance comparability of assessment results, most questions asked and skills tested were similar between years. Thus, the assessment content might become predictable as the assessments were repeated annually. This might have led to survey fatigue and inability to capture true performance.
With an increasingly frail and ageing cohort of residents, RCHEs are expected to face a growing risk of infectious disease outbreaks in the coming decades, especially those involving multidrug-resistant organisms. Other than general infection control measures already adopted by the RCHEs, having a stable and well-trained workforce will become an increasingly important factor in determining the success of RCHEs in combating infectious diseases, especially as the number of elderly residents with special care needs (such as those with indwelling urinary catheters or on nasogastric feeding) is rising. Manpower planning, development, and staff retention will remain a challenge for infection control.
Moreover, as knowledge and skills on infection control have stopped improving, training on infection control should emphasise encouraging sustainability of vigilant practices. Measures including self-auditing on infection control should be considered, to encourage RCHE staff to monitor their own infection control performance on a regular basis, between annual external assessments.
Conclusion
This is the first territory-wide report on trends in infection control performance in RCHEs in Hong Kong. Data collected enabled us to understand the strengths and limitations in RCHEs on infection control, thus allowing stakeholders to design more targeted infection control training programmes.
Knowledge and skills on infection control have reached an adequate level and remained stable. Future infection control training should aim to support sustained compliance with proper practice, through introduction of elements such as self-audits.
